Introduction
============

Acute lung injury (ALI) is a major consequence of septic shock and contributes to the high morbidity and mortality of sepsis ([@b1-ijmm-39-02-0297]). It has been demonstrated that, following severe injury or infection, some patients undergo certain responses which involve the activation of pro-inflammatory signaling pathways and the overexpression of inflammatory mediators that result in systemic inflammatory responses that culminate in severe shock, multi-organ failure and death ([@b2-ijmm-39-02-0297]). Despite extensive investigations, the cellular and molecular mechanisms that mediate ALI during septic shock remain largely unknown. Furthermore, developing effective methods for preventing and/or treating sepsis-induced ALI has proven to be difficult. A growing body of evidence suggests that there is a link between the innate immune response and ALI in several important disease states, including ischemia-reperfusion injury ([@b3-ijmm-39-02-0297]), traumatic brain injury ([@b4-ijmm-39-02-0297]) and septic shock ([@b5-ijmm-39-02-0297]).

High mobility group box 1 (HMGB1) is an evolutionarily conserved protein present in virtually all types of cells where it functions to stabilize nucleosomal structure and regulate gene expression ([@b6-ijmm-39-02-0297]). There is recent evidence suggesting that extracellular HMGB1 functions as a danger-associated molecular pattern ([@b7-ijmm-39-02-0297]) and is actively secreted by immunologically activated immune cells or is passively released from pathologically damaged cells ([@b8-ijmm-39-02-0297]). The *in vivo* neutralization of HMGB1 by specific antibodies has been shown to protect mice against lethal sepsis ([@b9-ijmm-39-02-0297]), as well as lipopolysaccharide (LPS)-induced ALI ([@b10-ijmm-39-02-0297]). In a more clinically relevant animal model of sepsis \[induced by cecal ligation puncture (CLP)\], the delayed administration of HMGB1-specific neutralizing antibodies, beginning 24 h after CLP, was shown to dose-dependently protect rodents from lethal sepsis ([@b11-ijmm-39-02-0297]). Moreover, the targeted inhibition of HMGB1 expression in innate immune cells (e.g., macrophages and dendritic cells) has been shown to attenuate systemic HMGB1 accumulation, and similarly to protect mice from sepsis ([@b12-ijmm-39-02-0297]). Taken together, these experimental data establish extracellular HMGB1 as a critical late mediator of experimental sepsis. *In vitro* studies have demonstrated that the HMGB1-stimulated inflammatory responses may be mediated through several pattern-recognition receptors, including the receptors for advanced glycation end products ([@b13-ijmm-39-02-0297]), Toll-like receptor 2 (TLR2) ([@b14-ijmm-39-02-0297]), TLR4 ([@b15-ijmm-39-02-0297]) and TLR9 ([@b16-ijmm-39-02-0297]).

Ulinastatin (UTI) is a serine protease inhibitor that modulates innate immunity and pro-inflammatory signaling in sepsis ([@b17-ijmm-39-02-0297],[@b18-ijmm-39-02-0297]). The administration of UTI has been shown to decrease the LPS-induced increase in TLR4 expression ([@b19-ijmm-39-02-0297]), and to attenuate sepsis-induced nuclear factor-κB (NF-κB) activity ([@b20-ijmm-39-02-0297]). Previous studies have demonstrated that UTI treatment improves the survival of mice with septis mice ([@b21-ijmm-39-02-0297]), and inhibits LPS-induced ALI in mice ([@b19-ijmm-39-02-0297],[@b20-ijmm-39-02-0297]). Therefore, we hypothesized that UTI may downregulate HMGB1 expression and that the inhibition of HMGB1 expression may be associated with the inhibition of TLR2/4 and NF-κB activation by UTI during sepsis. Thus, the aim of the present study was to determine whether UTI post-treatment attenuates ALI by the inhibition of HMGB1 expression in rats and human alveolar epithelial cells.

Materials and methods
=====================

Materials
---------

LPS (*Escherichia coli* 055:B5) was obtained from Sigma (St. Louis, MO, USA). The HMGB1, tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) and myeloperoxidase (MPO) enzyme-linked immunosorbent assay (ELISA) kits were obtained from Invitrogen (Carlsbad, CA, USA). Anti-TLR2 (D-17, sc-12504), anti-TLR4 (M-16, sc-12511), anti-p-NF-κB p65 (A-8, sc-166748) and anti-NF-κB p65 (F-6, sc-8008) antibodies were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Anti-IκB-α and anti-p-IκB-α antibodies were obtained from Cell Signaling Technology, Inc. (Beverly, MA, USA).

Animals
-------

Adult male Sprague-Dawley rats (8--10 weeks of age, weighing 250--300 g) were provided by the Experimental Animal Center of Harbin Medical University, kept in a 12 h dark/12 h light cycle in a temperature- and humidity-controlled room and fed standard laboratory diet and provided with water. All procedures were performed in accordance with the Declaration of Helsinki of the World Medical Association. The study was approved by the Ethics Committee of the First Affiliated Hospital of Harbin Medical University, Harbin, China.

Animal experimental design
--------------------------

The animals were randomly divided into 6 groups and each group contained 20 rats: i) the control group \[given normal saline (NS)\]; ii) the UTI (20,000 U/kg) group (administered 20,000 U/kg UTI); iii) the LPS group (rats received 5 mg/kg LPS by intratracheal instillation); iv) the LPS + UTI (5,000 U/kg) group (rats received LPS plus 5,000 U/kg UTI); v) the LPS + UTI (10,000 U/kg) group (rats received LPS plus 10,000 U/kg UTI) group; vi) LPS + UTI (20,000 U/kg) group (rats received LPS plus 20,000 U/kg UTI). LPS (5 mg/kg; to induce ALI), or the vehicle (NS) were intratracheally administered, as previously described ([@b22-ijmm-39-02-0297]). UTI (5,000, 10,000 or 20,000 U/kg) was intraperitoneally injected 30 min after the LPS administration. The doses of these drugs were used based on previous studies ([@b17-ijmm-39-02-0297],[@b19-ijmm-39-02-0297]) and our preliminary experiments (data not shown). At 24 h after the LPS administration, the rats were sacrificed under sodium pentobarbitone (45 mg/kg body weight ip, Sigma) anaesthesia according to the guidelines for euthanasia in the Guide for Care and Use of Laboratory Animals, and the bronchoalveolar lavage fluid (BALF) samples were collected for counting and classification. Lung tissues were snap-frozen in liquid nitrogen, and stored at −80°C for later analysis. To clarify the role of HMGB1, TLR2/4 and NF-κB in LPS-induced pulmonary inflammation, the rats were administered an intraperitoneal injection of UTI (20,000 U/kg; Sigma), anti-HMGB1 antibody (MABE148; 10 mg/kg), anti-TLR2/4 antibody (MABF84, MABF85; 10 mg/kg) (both from Calbiochem), or the NF-κB inhibitor, PDTC (10 mg/kg; Sigma), 30 min after the LPS administration, as previously described ([@b23-ijmm-39-02-0297]). BALF was collected at 24 h after the LPS administration to measure the inflammatory markers.

Cell culture and treatment
--------------------------

The A549 human alveolar epithelial cells were obtained from the Typical Species Preservation Center of Wuhan University (Wuhan, Hubei, China). The A549 cells were seeded into 6-well plates and were cultured in Dulbecco\'s modified Eagle\'s medium (DMEM) supplemented with 10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin at 37°C in a humidified atmosphere containing 5% CO~2~. The cells were grown until 70% confluent before being subjected to the different treatments. The cells were divided into 4 groups as follows: i) the control group (NS); ii) the UTI (100 U/ml) group; iii) the LPS group (stimulated with 1 µg/ml LPS); and iv) the LPS + UTI (100 U/ml) group. The A549 cells were treated with UTI (100 U/ml) 24 h after the LPS (1 µg/ml) stimulation. The doses of these drugs used were based on a previous study ([@b24-ijmm-39-02-0297]) and our preliminary experiments (data not shown). The cells were harvested at 24 h after the addition of LPS to analyze the expression levels of TLR2, TLR4, p-NF-κB p65 and p-IκB-α.

Lung wet/dry weight ratio in vivo
---------------------------------

The water content of the lungs was determined by calculating the wet/dry weight ratio of the lung tissues. The inferior lobe of the right lung was excised, rinsed briefly in phosphate-buffered saline (PBS), blotted and then weighed to obtain the \'wet\' weight. The lung was then dried at 80°C for 72 h to obtain the \'dry\' weight. The wet/dry ratio was calculated by dividing the wet weight by the dry weight.

Determination of bronchoalveolar lavage proteins and cell counts
----------------------------------------------------------------

Bronchoalveolar lavage (BAL) was performed by intratracheal injection of 5 ml ice-cold PBS followed by gentle aspiration. The recovery ratio of the fluid was \~90%. Then the recovered fluid was pooled and centrifuged at 1,200 × g for 10 min at 4°C. Supernatants were preserved for the measurement of total protein concentration by the Bradford method with bovine serum albumin (BSA) as a standard. The cell pellet was re-suspended in 50 *μ*l PBS, and total cells recovered in BALF were counted. The cell differentiation was determined for 200 cells by examination of the hematoxylin and eosin (H&E)-stained smears.

Cytokine measurements
---------------------

The levels of HMGB1, TNF-α and IL-6 in the supernatants of BALF were measured using commercially available ELISA kits (Invitrogen) according to the manufacturer\'s instructions. After incubation for 1 h at 37°C, the mixture of 100-ml sample and 100-ml rat HMGB1 (or TNF-α, IL-6) biotin conjugate was added with 100 ml streptavidin--horseradish peroxidase and incubated for another 30 min. Then, 100 ml stabilized chromogen was added to 100 ml stop buffer, and the adsorption value of the mixture at 450 nm was measured.

MPO activity assay
------------------

The lung tissues were homogenized in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES; pH 8.0) containing 0.5% cetyltrimethyl ammonium bromide and subjected to three freeze-thaw cycles. The homogenate was then centrifuged (4°C, 12,000 × g for 30 min). The MPO activity was assayed using a commercially available ELISA kit (Invitrogen). The samples were diluted in phosphate citrate buffer (pH 5.0) and the absorbance of the sample was measured at 460 nm using a microplate reader (Model 550; Bio-Rad Laboratories, Hercules, CA, USA). The specific of MPO activity in the lungs is expressed as unit/gram of the tissue.

Histological examination
------------------------

The right lobes were excised and fixed with 10% neutral phosphate-buffered formalin, imbedded in paraffin and sliced. Following H&E staining, pathological changes of lung tissues were observed under a light microscope (BXFM; Olympus, Tokyo, Japan). The standard lung injury score performed by a blinded pathologist to objectively quantify the lung injury.

Western blot analysis
---------------------

Protein concentrations were determined using a BCA protein assay kit, and 20 *μ*g proteins were loaded per well on a 10% sodium dodecylsulfate-polyacrylamide gel and transferred onto polyvinylidene difluoride membranes (Millipore, Bedford, MA, USA). After being blocked for 3 h in Tris-buffered saline with 0.1% Tween-20 (TBST) and 3% BSA, the membranes were incubated overnight at 4°C with primary antibodies in TBST containing 3% BSA. The membranes were then washed and incubated with horseradish peroxidase-conjugated secondary antibodies (1662408; Bio-Rad Laboratories) in TBST for 2 h and developed using an ECL detection system (Amersham, Buckinghamshire, UK). The density of the bands on the membranes was scanned and analyzed using an image analyzer (Lab Works Software; UVP Bioimaging Systems Upland, CA, USA).

Protein extraction
------------------

For preparing whole cell lysates, the cells were lysed in radioimmune precipitation assay (RIPA) buffer supplemented with protease inhibitor cocktail (Roche Diagnostics). Nuclear and cytoplasmic fractionations were created using the Proteo JET™ Cytoplasmic and Nuclear Protein Extraction kit (Fermentas Life Science, St. Leon-Rot, Germany) according to the instructions provided by the manufacturer.

Electrophoretic mobility shift assay (EMSA)
-------------------------------------------

Nuclear extracts were prepared as described above. Oligonucleotides corresponding to the NF-κB (5′-AGTTGAGGGGACTTTCCCA GGC-3′) binding site consensus sequences were synthesized and end-labeled with biotin by Invitrogen. EMSAs were performed using the LightShift chemiluminescent EMSA kit (Pierce, Rockford, IL, USA).

Statistical analysis
--------------------

Data are presented as the means ± standard deviation (SD) of results obtained from 20 rats in each group *in vivo* and 3 replicates *in vitro*. Statistical analysis of the results was carried out by one-way analysis of variance (ANOVA) followed by Tukey\'s post hoc test with SPSS 11.0 software (SPSS, Inc., Chicago, IL, USA). Differences between each group were assessed by two-way analysis of variance followed by Newman-Keuls tests. P-values \<0.05 were considered to indicate statistically significant differences.

Results
=======

Effects of UTI on the lung wet/dry weight ratio and MPO activity in lung tissues
--------------------------------------------------------------------------------

To evaluate the LPS-induced changes in pulmonary vascular permeability and neutrophil infiltration, the lung wet/dry weight ratio and MPO activity in the lung tissues were analyzed. The lung wet/dry ratio and MPO activity in the lung tissues were significantly increased after the LPS challenge compared with the control group ([Fig. 1](#f1-ijmm-39-02-0297){ref-type="fig"}). However, UTI post-treatment obviously attenuated the wet/dry ratio and MPO activity in lung tissues in a dose-dependent manner (P\<0.05) ([Fig. 1](#f1-ijmm-39-02-0297){ref-type="fig"}). There were no significant differences in the lung wet/dry ratio and MPO activity in lung tissues between the control and UTI group (UTI only).

Effects of UTI on LPS-mediated lung histopathological changes
-------------------------------------------------------------

To evaluate the histological changes following UTI post-treatment in LPS-challenged rats, the lung tissues were harvested at 24 h after the administration of LPS. The lung tissues from the control group exhibited a normal structure and no histopathological changes were observed ([Fig. 2A](#f2-ijmm-39-02-0297){ref-type="fig"}). In the LPS group, histological examination revealed severe lung destruction, as indicated by H&E staining, which manifested as severe pulmonary edema, hemorrhagia in the stroma, alveolar collapse and mass inflammatory cell infiltration ([Fig. 2C](#f2-ijmm-39-02-0297){ref-type="fig"}). However, UTI post-treatment effectively alleviated the destruction of lung structure ([Fig. 2D](#f2-ijmm-39-02-0297){ref-type="fig"}). Furthermore, the UTI post-treatment group had a significantly lower lung injury score than the control group (P\<0.05) ([Fig. 2E](#f2-ijmm-39-02-0297){ref-type="fig"}).

Effects of UTI on the concentration of total protein and the inflammatory cell counts in BALF
---------------------------------------------------------------------------------------------

To examine the effects of UTI on LPS-induced pulmonary inflammation, the concentration of total protein and the numbers of inflammatory cells, such as neutrophils and macrophages, in BALF were analyzed at 24 h after the LPS injection. After the LPS challenge, the concentration of total protein and the numbers of total cells, neutrophils and macrophages significantly increased compared with the control group ([Fig. 3](#f3-ijmm-39-02-0297){ref-type="fig"}). However, this increase was apparently attenuated by UTI post-treatment in a dose-dependent manner (P\<0.05) ([Fig. 3](#f3-ijmm-39-02-0297){ref-type="fig"}).

Effects of UTI on the concentrations of HMGB1, TNF-α and IL-6 in BALF
---------------------------------------------------------------------

To further evaluate the anti-inflammatory effects of UTI, the concentrations of the pro-inflammatory cytokines, TNF-α, IL-6 and HMGB1, in BALF were analyzed at 24 h after the LPS administration by ELISA. The concentrations of TNF-α, IL-6 and HMGB1 in BALF significantly increased in the LPS group ([Fig. 4](#f4-ijmm-39-02-0297){ref-type="fig"}). However, UTI post-treatment markedly decreased the levels of TNF-α, IL-6 and HMGB1 compared to those in the LPS group in a dose-dependent manner (P\<0.05) ([Fig. 4](#f4-ijmm-39-02-0297){ref-type="fig"}).

Effects of UTI on the expression levels of TLR2/4 and the activation of NF-κB in lung tissues
---------------------------------------------------------------------------------------------

Western blot analysis was used to determine the expression levels of TLR2/4 and the phosphorylation of NF-κB p65 and IκB-α. The protein levels of TLR2/4 and the phosphorylation levels of NF-κB p65 and IκB-α significantly increased in the LPS group at 24 h after the LPS administration ([Fig. 5](#f5-ijmm-39-02-0297){ref-type="fig"}). However, this increase was apparently attenuated by UTI post-treatment in a dose-dependent manner (P\<0.05) ([Fig. 5](#f5-ijmm-39-02-0297){ref-type="fig"}).

Effects of UTI on the expression levels of TLR2/4 and the activation of NF-κB in A549 alveolar epithelial cells
---------------------------------------------------------------------------------------------------------------

To further examine the anti-inflammatory mechanistic basis of UTI, we examined the effects of UTI on TLR2/4 expression and NF-κB activation in A549 alveolar epithelial cells. Similar to what we observed in the animal experiments, the expression levels of TLR2/4 and the phosphorylation of NF-κB p65 and IκB-α were markedly increased in the cells stimulated with LPS. However, these increases were markedly inhibited by UTI post-treatment (P\<0.05) ([Fig. 6](#f6-ijmm-39-02-0297){ref-type="fig"}).

Effects of anti-HMGB1 antibody and UTI on inflammatory markers in BALF of LPS-induced ALI
-----------------------------------------------------------------------------------------

To clarify the role of HMGB1 in LPS-induced pulmonary inflammation, the rats were administered an intraperitoneal injection of UTI (20,000 U/kg) or anti-HMGB1 antibody (10 mg/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to measure the inflammatory markers. After the LPS challenge, the levels of inflammatory markers significantly increased compared with the control group ([Fig. 7](#f7-ijmm-39-02-0297){ref-type="fig"}). However, this increase was markedly attenuated by anti-HMGB1 anti body (P\<0.05) ([Fig. 7](#f7-ijmm-39-02-0297){ref-type="fig"}). Furthermore, anti-HMGB1 antibody significantly enhanced the anti-inflammatory effects of UTI on inflammatory markers in BALF from rats with LPS-induced ALI (P\<0.05) ([Fig. 7](#f7-ijmm-39-02-0297){ref-type="fig"}).

Effects of anti-TLR2 antibody and UTI on inflammatory markers in BALF from rats with LPS-induced ALI
----------------------------------------------------------------------------------------------------

To clarify the role of TLR2 in LPS-induced pulmonary inflammation, rats were administered an intraperitoneal injection of UTI (20,000 U/kg) or anti-TLR2 antibody (10 mg/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to measure the inflammatory markers. After the LPS challenge, the levels of inflammatory markers significantly increased compared with the control group ([Fig. 8](#f8-ijmm-39-02-0297){ref-type="fig"}). However, this increase was markedly attenuated by anti-TLR2 antibody (P\<0.05) ([Fig. 8](#f8-ijmm-39-02-0297){ref-type="fig"}). Furthermore, anti-TLR2 antibody significantly enhanced the anti-inflammatory effects of UTI on inflammatory markers in BALF from rats with LPS-induced ALI (P\<0.05) ([Fig. 8](#f8-ijmm-39-02-0297){ref-type="fig"}).

Effects of anti-TLR4 antibody and UTI on inflammatory markers in BALF from rats with LPS-induced ALI
----------------------------------------------------------------------------------------------------

To clarify the role of TLR4 in LPS-induced pulmonary inflammation, rats were administered an intraperitoneal injection of UTI (20,000 U/kg) or anti-TLR4 antibody (10 mg/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to measure the levels of inflammatory markers. As shown in [Fig. 9](#f9-ijmm-39-02-0297){ref-type="fig"}, after the LPS challenge, the levels of inflammatory markers significantly increased compared with the control group. However, this increase was markedly attenuated by anti-TLR4 antibody (P\<0.05) ([Fig. 9](#f9-ijmm-39-02-0297){ref-type="fig"}). Furthermore, anti-TLR4 antibody significantly enhanced the anti-inflammatory effects of UTI on inflammatory markers in BALF from rats with LPS-induced ALI (P\<0.05) ([Fig. 9](#f9-ijmm-39-02-0297){ref-type="fig"}).

Effects of NF-κB inhibitor and UTI on inflammatory markers in BALF from rats with LPS-induced ALI
-------------------------------------------------------------------------------------------------

To clarify the role of NF-κB in LPS-induced pulmonary inflammation, rats were administered an intraperitoneal injection of UTI (20,000 U/kg) or NF-κB inhibitor PDTC (10 mg/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to measure the inflammatory markers. After the LPS challenge, the levels of inflammatory markers significantly increased compared with the control group ([Fig. 10](#f10-ijmm-39-02-0297){ref-type="fig"}). However, this increase was markedly attenuated by the NF-κB inhibitor, PDTC (P\<0.05) ([Fig. 10](#f10-ijmm-39-02-0297){ref-type="fig"}). Furthermore, the NF-κB inhibitor, PDTC, significantly enhanced the anti-inflammatory effects of UTI on inflammatory markers in BALF from rats with LPS-induced ALI (P\<0.05) ([Fig. 10](#f10-ijmm-39-02-0297){ref-type="fig"}).

UTI post-treatment inhibits NF-κB DNA binding activity in lung tissues
----------------------------------------------------------------------

To determine the effects of UTI on transcription factor signaling pathways that may mediate LPS-induced inflammatory cytokine production, EMSA was performed. The rats were admininstered an intraperitoneal injection of UTI (20,000 U/kg) 30 min after the LPS administration. At 24 h after the LPS administration, nuclear extracts obtained from lung tissues were collected. Post-treatment with UTI markedly reduced the LPS-induced DNA-binding activity of NF-κB ([Fig. 11](#f11-ijmm-39-02-0297){ref-type="fig"}).

Discussion
==========

In this study, we evaluated the protective effects of UTI in a model of LPS-induced ALI in rats and human alveolar epithelial cells. Consistent with previously published data ([@b20-ijmm-39-02-0297]), we demonstrated that UTI post-treatment attenuated lung inflammatory injury following LPS challenge, as revealed by the decreased elevation of the lung wet to dry weight ratio, total cells, neutrophils, macrophages and MPO activity, associated with reduced lung histological damage. In addition, we also found that UTI post-treatment markedly inhibited the release of HMGB1 and other pro-inflammatory cytokines in a rat model of LPS-induced ALI. Furthermore, UTI significantly inhibited the LPS-induced increase in TLR2/4 protein expression and NF-κB activation *in vivo* and *in vitro*.

Previous studies have demonstrated that UTI inhibits the inflammatory response and mitigates sepsis-induced ALI ([@b18-ijmm-39-02-0297],[@b20-ijmm-39-02-0297]). As is already known, the etiologies of ALI are complex, and additional mechanisms through which UTI exerts protective effects against LPS-induced lung injury need to be further investigated. Evidence suggests that HMGB1 plays a critical role in the progression of ALI. HMGB1-based therapeutic strategies may be more effective in ALI, as HMGB1 is a late inflammatory mediator, and this may provide a much broader intervention window. Therefore, the current study aimed to examine the hypothesis that UTI post-treatment alleviates LPS-induced ALI by preventing the expression of HMGB1.

Clinical and experimental studies have indicated that ALI is an early and fatal complication of septic shock ([@b1-ijmm-39-02-0297]) and that the TLR2/4-mediated NF-κB activation signaling pathway may be an early molecular event leading to ALI during septic shock ([@b25-ijmm-39-02-0297],[@b26-ijmm-39-02-0297]). Previous studies have demonstrated that UTI significantly improved the survival of mice with septis ([@b21-ijmm-39-02-0297]) and the mechanisms involved the downregulation of the expression of TLR4 ([@b19-ijmm-39-02-0297]). To evaluate our hypothesis, we examined pulmonary inflammation in LPS-induced ALI with or without UTI post-treatment. We observed that the pulmonary inflammation was significantly increased in a rat model of LPS-induced ALI. However, UTI post-treatment significantly inhibited pulmonary inflammation by inhibiting the expression of TLR2/4 in a rat model of LPS-induced ALI. It has been demonstrated that the administration of UTI significantly blunted NF-κB activation in rats with septis ([@b18-ijmm-39-02-0297]). NF-κB is a critical transcription factor in TLR-mediated signaling pathways ([@b27-ijmm-39-02-0297]) and plays a critical role in the regulation of the expression of a number of genes, including inflammatory cytokines, such as HMGB1, TNF-α and IL-1β ([@b28-ijmm-39-02-0297]--[@b31-ijmm-39-02-0297]). In this study, we demonstrated that UTI post-treatment downregulated HMGB1 expression in a rat model of LPS-induced ALI and that the inhibition of HMGB1 expression was associated with the inhibition of TLR2/4 and NF-κB activation by UTI post-treatment.

UTI is a synthetic glycoprotein with a molecular weight of 67 kDa, first purified from human urine ([@b32-ijmm-39-02-0297]). It is frequently used clinically for the treatment of shock ([@b33-ijmm-39-02-0297]) and acute pancreatitis ([@b34-ijmm-39-02-0297]). According to the pharmaceutical reference of UTI, side-effects have been reported in 74/8,710 patients (0.8%) at doses up to of 3×10^5^ U/day ([@b32-ijmm-39-02-0297]). These included abnormalities in serum tests, such as elevations in liver enzyme levels, abdominal symptoms, skin rashes and angialgia after intravenous administrations ([@b32-ijmm-39-02-0297]). In this study, we found that UTI post-treatment (5,000, 10,000 or 20,000 U/kg) attenuated LPS-induced ALI in a dose-dependent manner. Due to the toxicity of systemic UTI, we consider that UTI post-treatment at 10,000 U/kg was effective and safe; however, this should be explored further in larger animal studies and more relevant sepsis models, as well as eventually, in human trials.

In conclusion, the present study provides evidence that UTI post-treatment attenuates LPS-induced ALI accompanied with a decreased HMGB1 expression in a model of LPS-induced ALI. The mechanisms responsible for these effects involve, at least in part, the downregulation of TLR2/4 expression and the inhibition of the NF-κB pathway.

![Ulinastatin (UTI) post-treatment reduces the lung wet/dry weight ratio and myeloperoxidase (MPO) activity in rats with lipopolysaccharide (LPS)-induced acute lung injury (ALI). Rats were administered an intraperitoneal injection of UTI (5,000, 10,000 or 20,000 U/kg) 30 min after the LPS injection. (A) The lung wet/dry weight ratio and (B) the MPO activity were determined at 24 h after the LPS administration. The data are presented as the means ± SD (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group; \#P\<0.01 compared with the LPS group.](IJMM-39-02-0297-g00){#f1-ijmm-39-02-0297}

![Histological assessment of the effects of ulinastatin (UTI) on lipopolysaccharide (LPS)-induced acute lung injury (ALI). Rats were administered an intraperitoneal injection of UTI (20,000 U/kg) 30 min after the LPS administration. Lungs from each experimental group were processed for histological evaluation at 24 h after the LPS administration. (A) Control group, (B) UTI (20,000 U/kg) group, (C) LPS group, (D) LPS + UTI (20,000 U/kg) group (H&E staining, magnification, ×200), (E) Lung injury index. The data are presented as the means ± SD (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group.](IJMM-39-02-0297-g01){#f2-ijmm-39-02-0297}

![Effects of ulinastatin (UTI) on the total protein concentration and the numbers of total cells, neutrophils and macrophages in BALF. Rats were given an intraperitoneal injection of UTI (5,000, 10,000 or 20,000 U/kg) 30 min after the lipopolysaccharide (LPS) administration. BALF was collected at 24 h after the LPS administration to measure (A) the total protein concentration and (B) the number of total cells, (C) macrophages and (D) neutrophils. The data are presented as the means ± SD (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group; ^\#^P\<0.01 compared with the LPS group.](IJMM-39-02-0297-g02){#f3-ijmm-39-02-0297}

![Ulinastatin (UTI) post-treatment inhibits the lipopolysaccharide (LPS)-induced increase in the expression of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) and high-mobility group box 1 (HMGB1) in BALF. Rats were administered an intraperitoneal injection of UTI (5,000, 10,000 or 20,000 U/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to analyze the inflammatory cytokines (A) TNF-α, (B) IL-6 and (C) HMGB1. The data are presented as the means ± SD (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group; ^\#^P\<0.01 compared with the LPS group.](IJMM-39-02-0297-g03){#f4-ijmm-39-02-0297}

![Ulinastatin (UTI) post-treatment inhibits the expression of Toll-like receptor 2/4 (TLR2/4) and the phosphorylation of nuclear factor-κB (NF-κB) p65 and IκB-α in lung tissues. Rats were administered an intraperitoneal injection of UTI (5,000, 10,000 or 20,000 U/kg) 30 min after the lipopolysaccharide (LPS) administration. At 24 h after the LPS administration, the expression levels of (B) TLR2 and (C) TLR4 and (D) the phosphorylation of NF-κB p65 and (E) IκB-α were detected by western blot analysis. The representative blots are shown in (A) The data are presented as the means ± SD (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group; ^\#^P\<0.01 compared with the LPS group.](IJMM-39-02-0297-g04){#f5-ijmm-39-02-0297}

![Ulinastatin (UTI) post-treatment inhibits the expression of Toll-like receptor 2/4 (TLR2/4) and the phosphorylation of nuclear factor-κB (NF-κB) p65 and IκB-α in lipopolysaccharide (LPS)-stimulated A549 alveolar epithelial cells. A549 cells were treated with UTI (100 U/ml) 24 h after LPS (1 *μ*g/ml) stimulation. The expression levels of (A and B) TLR2 and (A and C) TLR4 and (A and D) the phosphorylation of NF-κB p65 and (A and E) IκB-α were detected by western blot analysis. Data are presented as the means ± SD from 3 independent experiments. ^\*^P\<0.05 compared with the LPS group; ^\#^P\<0.01 compared with the LPS group.](IJMM-39-02-0297-g05){#f6-ijmm-39-02-0297}

![Effects of anti-high-mobility group box 1 (HMGB1) antibody (Ab) and ulinastatin (UTI) on inflammatory markers in BALF from rats with lipopolysaccharide (LPS)-induced acute lung injury (ALI). Rats were administered an intraperitoneal injection of UTI (20,000 U/kg) or anti-HMGB1 Ab (10 mg/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to measure (A) the total protein concentration, (B) the numbers of total cells, (C) macrophages and (D) neutrophils, and the inflammatory cytokines (E) tumor necrosis factor-α (TNF-α) and (F) interleukin-6 (IL-6). The data are presented as the means ± SD (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group; ^\#^P\<0.05 compared with the LPS + UTI (20,000 U/kg) + anti-HMGB1 Ab (10 mg/kg) group.](IJMM-39-02-0297-g06){#f7-ijmm-39-02-0297}

![Effects of anti-Toll-like receptor 2 (TLR2) antibody (Ab) and ulinastatin (UTI) on inflammatory markers in BALF from rats with lipopolysaccharide (LPS)-induced acute lung injury (ALI). Rats were administered an intraperitoneal injection of UTI (20,000 U/kg) or anti-TLR2 Ab (10 mg/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to measure (A) the total protein concentration, (B) the numbers of total cells, (C) macrophages and (D) neutrophils, and the inflammatory cytokines (E) tumor necrosis factor-α (TNF-α), (F) interleukin-6 (IL-6) and (G) high-mobility group box 1 (HMGB1). The data are presented as the means ± SD (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group; ^\#^P\<0.05 compared with the LPS + UTI (20,000 U/kg) + anti-TLR2 Ab (10 mg/kg) group.](IJMM-39-02-0297-g07){#f8-ijmm-39-02-0297}

![Effects of anti-TLR4 antibody (Ab) and ulinastatin (UTI) on inflammatory markers in BALF from rats with LPS-induced ALI. Rats were administered an intraperitoneal injection of UTI (20,000 U/kg) or anti-TLR4 Ab (10 mg/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to measure (A) the total protein concentration, (B) the numbers of total cells, (C) macrophages and (D) neutrophils, and the inflammatory cytokines, (E) tumor necrosis factor (TNF)-α, (F) interleukin (IL)-6 and (G) high-mobility group box 1 (HMGB1). The data are presented as the means ± SD. (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group; ^\#^P\<0.05 compared with the LPS + UTI (20,000 U/kg) + anti-TLR4 Ab (10 mg/kg) group.](IJMM-39-02-0297-g08){#f9-ijmm-39-02-0297}

![Effects of nuclear factor-κB (NF-κB) inhibitor and ulinastatin (UTI) on inflammatory markers in BALF from rats with lipopolysaccharide (LPS)-induced acute lung injury (ALI). Rats were administered an intraperitoneal injection of UTI (20,000 U/kg) or the NF-κB inhibitor, PDTC, (10 mg/kg) 30 min after the LPS administration. BALF was collected at 24 h after the LPS administration to measure (A) the total protein concentration, (B) the numbers of total cells, (C) macrophages and (D) neutrophils, and the inflammatory cytokines, (E) tumor necrosis factor-α (TNF-α), (F) interleukin-6 (IL-6) and (G) high-mobility group box 1 (HMGB1). The data are presented as the means ± SD (n=20 rats per group). ^\*^P\<0.05 compared with the LPS group; ^\*^P\<0.05 compared with the LPS group; ^\#^P\<0.05 compared with the LPS + UTI (20,000 U/kg) + NF-κB inhibitor PDTC (10 mg/kg) group.](IJMM-39-02-0297-g09){#f10-ijmm-39-02-0297}

![Ulinastatin post-treatment inhibits nuclear factor-κB (NF-κB)-DNA binding activity in lung tissues. Rats were administered an intraperitoneal injection of ulinastatin (20,000 U/kg) 30 min after the lipopolysaccharide (LPS) administration. At 24 h after the LPS administration, nuclear extracts obtained from lung tissues were collected. The DNA-binding activity of NF-κB in lung tissues was evaluated by electrophoretic mobility shift assay (EMSA). Results were confirmed by 3 independent experiments.](IJMM-39-02-0297-g10){#f11-ijmm-39-02-0297}
